Effect of matrix elasticity on the maintenance of the chondrogenic phenotype.
The aim of this study was to examine the influence of matrix elasticity on the maintenance of the chondrogenic phenotype of chondrocytes cultured in monolayer. We used a two-dimensional culturing system in which polyacrylamide gels with different concentrations of bis-acrylamide were coated with collagen type I. Matrices with a Young's modulus of 4, 10, 40, and 100 kPa were produced, as determined by atomic force microscopy. Porcine chondrocytes were cultivated on these matrices at a low density for 7 days. The proliferation of cells was analyzed by 5-Bromo-2'-deoxy-uridine incorporation. Maintenance of the chondrogenic phenotype was analyzed by measuring collagen type I, type II, and aggrecan gene expression, immunofluorescence staining for collagen type II, and phalloidin staining for actin filaments. Cellular proliferation and actin organization were decreased on matrices of 4 kPa compared with stiffer substrates. The differentiated phenotype of the chondrocytes grown on matrices of 4 kPa was stabilized, indicated by higher collagen type II and aggrecan, and lower collagen type I expression. These findings indicate that chondrocytes sense the elasticity of the matrix and might be used for the design of scaffolds with mechanical properties specifically tailored to support the chondrogenic phenotype in tissue engineering applications.